The study investigates the comparative performance of a single cylinder SI engine operated on treated and raw biogas. The methane content of this gas is utilised as the fuel. The biogas is treated with different methods before fuelling in the engine and hence the performance of the specified engine is compared. The raw biogas is treated for removal of moisture and H 2 S because H 2 S is poisonous in nature and moisture lowers the power output and may corrode engine parts. In this work, CaCl 2 and silica gel were used separately for the absorption of moisture. Activated carbon and iron chips were used for the elimination of H 2 S. The results revealed that the increase in efficiency depends on the type of treatment given to raw biogas. Moreover, scrubbing of moisture had a greater impact as compare to the H 2 S removal. Effect of biogas treatment on engine emissions is also studied.
Introduction
Among the various alternative fuels available, biogas generated from anaerobic digestion of animal waste appears to be a promising option. Overall energy production of India is considerably less than its overall energy need. India's energy demand is increasing, and its inability to meet demand has forced India's dependence on costly imports. According to the ministry of statistics, the total installed capacity for electricity generation in India has increased up to 316,379 MW as per March 2015 data (Energy Statistics, 2016) . To cater the continuously increased energy demands, Biogas can play a vital role. Current data depicts a total number of biogas plants installed is around 47.52 lakh in India. Recently, a large number of plants (8.56 lakh) were installed in Maharashtra, Uttar Pradesh, Gujarat, Andhra Pradesh and Karnataka with more than 4 lakh biogas plants each (Energy Statistics, 2016) .
Energy requirement for development of industries, transport and a campaign towards the electrification of India over the last years has contributed to the deficit in energy production. Since, biogas is an unaccounted form of energy source, it is rarely acknowledged in any 'official' statistics of energy use out of overall energy sources. However, it alone shares a large part to fulfil the national energy demand (Tippayawong and Thanompongchart, 2010) Biogas is referred to a mixture of certain gases generated by the anaerobic digestion of organic matter. It can be produced locally from the available bio waste and bio-degradable materials such as green waste, municipal waste, manure, sewage, plant material and crops. In our work, we used cow-dung for the generation of biogas which is usually known as gobar-gas in India. Basically, it is a mixture of methane (CH 4 ) and carbon-dioxide (CO 2 ) with small amounts of moisture and hydrogen sulphide (H 2 S) (Barik et al., 2013) . Methane is combustible in nature and is of our primary use. The energy released from its combustion permits biogas to be used as an alternative fuel; also it can be used in stoves for cooking. It can also be used in generators to harness its chemical energy into heat and electricity. It is an eco-friendly renewable energy source.
To be used in automobiles and other motor vehicles, biogas can be compressed in the way same as we compress natural gas to CNG. In India, various pilot projects are being successfully operated to run vehicles purely on biogas. It has been estimated that 17% of the vehicle fuel can be replaced by biogas in the UK. Many countries offer subsidy over biogas generation as it promotes the renewable energy usage. After the removal of unwanted parts of biogas, like CO 2 and moisture, it can be developed to bio-methane meeting the standards of natural (Kapdi et al., 2005) .
Problems associated with biogas
Three unwanted constituting parts of biogas, i.e., CO 2 , H 2 S and water are the biggest problem associated with it. High concentration of CO 2 dilutes the biogas which ultimately lowers the concentration of methane per unit volume. If biogas is not treated for purification, an extra amount of space would be required to store the CO 2 within it. Moisture content of biogas has its own adverse effects (Nasery, 2011) . Under compression, water gets condensed; hence occupy unnecessary space in containers. On the other hand, the water reacts with the hydrogen sulfide in the biogas which results in a very corrosive compound. During combustion H 2 S leads to the formation of sulfur dioxide, which is very harmful and corrosive in nature (Herringshaw, 2009 ).
Biogas in internal combustion engine
Out of all available renewable sources of energy particularly biogas enjoys special significance since it can be fed directly into the internal combustion engines. Relatively high calorific value of methane is the main energy source, since rest of the components do not release energy but in fact absorb energy that of the methane. So, a highly methane enriched biogas is very suitable fuel for the IC engine application (Börjesson and Mattiasson, 2008; Granite and O'Brien, 2005) .
A small biogas fuelled SI engine was tested by Kwon et al. (2017) by varying the compression ratio. It was found that with the increase in compression ratio, the performance of the engine gets improved while BSFC decreased. Their result suggests that the performance of an SI engine fuelled with biogas enhances with rise in compression ratio while degrades with increase in CO 2 .
Application of biogas in SI engine
High self-ignition temperature and wide flammability limit of biogas make it convenient to use it as a fuel in SI engine with high compression ratio and lower NO X levels. The high flame velocity of treated biogas tends to give high combustion rate as compare to conventional fuels and thus give high thermal efficiency (Tippayawong and Thanompongchart, 2010 ).
Unburnt hydro-carbon level drops significantly with the lower amounts of CO 2 in biogas. The drop in the HC emission is likely due to the concentration of oxygen in the charge when CO 2 reduced at the same equivalence ratio. High O 2 concentration leads to complete combustion which in turn is responsible for the drop in HC. On the other hand, excess oxygen availability has an adverse effect on the NOx emissions (Kapdi et al., 2005) .
Removal of CO 2 makes biogas fairly homogeneous fuel which contains mainly methane with the calorific capacity of above 25 MJ/m 3 . The other components are not involved in combustion process, and rather absorb thermal energy from combustion of methane as the products of combustion are at a higher temperature than the temperature they had before the process. The treatment of biogas further depends on the application (Porpatham et al., 2012) Other than the pure gas SI engines, most gasoline SI engines can also be easily modified to run on CNG, propane and methane. To ensure proper operation of engine on biogas, a gas carburetor should be installed to make up for the increase air consumption of methane burning and control over the flame velocity (Porpatham et al., 2008) .
Another way to utilise biogas in IC engine via dual fuel mode operated CI engine. These engines use both the fuels simultaneously in combustion process (Rao et al., 2010) .
Experimental setup
The engine used in this current project work is a single-cylinder four-stroke SI engine, coupled to a dynamo (generator) which converts mechanical shaft work of engine into electrical output with the help of alternator. The engine is making of govil energy solutions, New Delhi. It is a water cooled engine for which arrangements are made for continuous water supply at a rate of 6 lit/min. The flow of biogas is measured with the help of a digital flow meter with a least count of 1 dm 3 . 24 bulbs of rating100 watt each have been installed on to the load bank. Arrangement has been made to vary the load from zero to full at 2,400 W. A U-tube manometer is installed to measure the pressure difference between any two points. In the present setup it has been used to measure inlet air-pressure and bio-gas delivery pressure. The gas analyser is a product of AVL, it was run on LPG mode to closely resemble actual conditions of biogas testing. Carbon monoxide (CO), CO 2 , oxygen, NOx and unburned hydrocarbon are measured with the help of AVL make 4,000 gas analyser. The instrument detects the concentration of gas elements with the help of filtered tube which is connected to electrochemical sensors. Indications of electrochemical cell are proportional to the volume concentration of the detected elements of gas which are expressed in parts per million (ppm). 
Results and discussions
The performance of the biogas generator is tested on the basis of various parameters. The engine has been tested on raw and treated biogas. The biogas is fed into the engine in various modes. Raw biogas, moisture less biogas and H 2 S free biogas were fuelled separately to find the effect of treatment on the engine performance. The characteristic curves are drawn for the various parameters. The engine performance on the basis of RPM is determined against the varying flow rate at different load conditions. As we draw the curve for the results, we found that on increasing the load the range of RPM gets condensed (Figure 3 ). It is also observed that on increasing the flow rate RPM increases simultaneously up to a certain limit and then it tends to decrease on further increasing the flow rate. The reason behind this is that on increasing the amount of biogas, A/F ratios gets lower down and the fuel does not get sufficient amount of oxygen to burn properly and completely resulting in the lesser power output. Two different kind of moisture absorbers are used in the experiments. Their efficiency is compared in the terms of RPM obtained using them at the same flow rate of biogas. The engine is made to run at a constant load of 1,600 W for this. It is observed that CaCl 2 provides higher RPM at a given flow rate as compare to the silica gel. The observations are plotted on the graph ( Figure 5) . One of the objectives of the work is to investigate the performance of the engine while running on various modes of biogas. So, regarding this the raw biogas, moisture less biogas and H 2 S free biogas and then both moisture and H 2 S free biogas was fuelled separately. At a constant load of 1,600 W variation in RPM is noted with the variation in flow rate (Figure 4) . Initially the RPM increases with the increase in flow rate but after reaching a certain value, RPM noted to be decreased. It can be understood with the fact that by increasing the fuel flow rate A/F ratio lowers down resulting in incomplete combustion, and hence decreased power.
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Also from experiments, the maximum efficiency was found with the removal of both moisture and H 2 S. It is also observed from the results that the removal of moisture is having a greater impact over performance as compare to the H 2 S scrubbing.
Emission parameters
Emission parameters of treated and raw biogas are compared at various load conditions. The emissions are analysed with the help of AVL 5 gas analyser. CO, CO 2 , HC, NOx and O 2 are the exhaust gases which are analysed. The data of exhaust gases is tabulated comparing the emissions of treated and raw biogas. The variation of unburnt HC with load is shown in Figure 6 . HC emissions are found to be greater in treated biogas. Also, it is observed from the graph that HC level increases with load in the treated biogas while it does not show any significant variation in impure (raw) biogas. Since the treated biogas is high energy content, the oxygen availability gets reduced. Hence, it tends to increase the unburnt HC levels. Figure 7 shows the variation of CO with load. It is found that CO emissions are higher in treated biogas; also it is found to be slightly increased with load. Figures 8, 9 and 10 show the higher values of CO 2 , NOx and O 2 emissions for raw biogas in exhaust. Oxygen reduction, as expected, got reduced after treatment due to high energy density of treated biogas. 
Conclusions
Based on the experimental work of biogas treatment to enhance its performance and combustion characteristics following conclusions are drawn:
• Improvement in engine performance in terms of BTE is found to be more with CaCl 2 treatment as compared to silica gel treatment for raw biogas.
• For a given flow rate and load, the maximum RPM is obtained with the treated biogas. The treatment was performed by removing the H 2 S and moisture content.
• Removal of moisture has a greater impact on the performance of engine as compare to H 2 S removal.
• The treatment of biogas showed lower values of CO 2 , NOx and O 2 emissions in exhaust whereas CO and HC emissions are found to be greater with treated biogas.
Future scope
Further, scrubbing of CO 2 should also be employed to make the biogas more energy dense; it will also result in better storage of the biogas. The treatment of biogas can be performed with more methods to optimise the performance of engine. These methods should be explored and their feasibility should be determined. The biogas can be compressed at higher pressure and increased quantities by introducing the intercoolers and high duty compressors. The valve system also needs to be modified for easier control.
